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This  t a s k  was performed t o  determine t h e  changes t h a t  would be r equ i r ed  i n  t h e  
IKBLMS Engineering Development Unit (EDU), i n  o r d e r  t o  accommodate t h e  L i f e  
Sc iences  measurement requirements  i n  t h e  NASA "Blue Book", The primary ex ten-  
s i o n s  i n  t h e  u t i l i t y  and c a p a b i l i t y  of t h e  EDU a r e  those  t o  accommodate b i o l o g i c a l  
r e s e a r c h  on o t h e r  r e p r e s e n t a t i v e  l i f e  forms ranging from micro-organisms t o  l a r g e  
v e r t e b r a t e s  i n  a d d i t i o n  t o  i t s  medical c a p a b i l i t i e s .  Experiment-pecul iar  equip-  
ments t o  e f f e c t  t h a t  ex t ens ion  i n  c a p a b i l i t y  was considered i n  t h i s  s tudy  a s  a  

4 - requirement  on t h e  experimenter  fu rn i shed  equipment r a t h e r  t han  on t h e  EDU, 
Common-purpose func t ions  normally a s s o c i a t e d  w i t h  a  l i f e  s c i ences  l abo ra to ry ,  
f o r  i n s t ance :  bio-chemical a n a l y s i s ,  specimen handling,  d a t a  management, and 

4 . experiment s u b j e c t  obse rva t ion  were considered a s  EDU requirements  and 
were matched a g a i n s t  t h e  previous ly  de f ined  EDU c a p a b i l i t i e s ,  Where added cap- 
a b i l ' i t i e s  were found necessary ,  t he  needed modi f ica t ions  o r  a d d i t i o n s  t o  t h e  EDU 
equipment were e s t a b l i s h e d .  The Budgetary c o s t s  of t h e s e  changes were def ined  on 
t h e  b a s i s  of previous exper ience  i n  t h e  development, c o n s t r u c t i o n  and mod i f i ca t ion  
of s i m i l a r  t ypes  of equipment. 

The a n a l y s i s  showed it i s  both f e a s i b l e  and p r a c t i c a l  t o  use  t h e  EDU a s  a  f a c i l i t y  
t o  conduct  r e s e a r c h  i n  t h e  L i f e  Sc iences  a s  def ined  i n  t h e  NASA "Blue Book", wi th  
modest i n c r e a s e s  i n  c a p a b i l i t y .  The g r e a t e s t  equipment and c o s t  impact was de- 
termined i n  terms of a d d i t i o n s  and mod i f i ca t ions  t o  t h e  equipment f o r  handl ing  
b i o l o g i c a l  specimens, and i n  t h e  upgrading of t h e  c a p a b i l i t y  f o r  chemical a n a l y s i s .  
I n  c o n t r a s t ,  no a d d i t i o n s  o r  mod i f i ca t ions  t o  t h e  EDU were found necessary  i n  t h e  
d a t a  management a rea .  ( E f f e c t s  of usage r a t e s  and duty  cyc l e s  t h a t  a r e  dependent 
on t h e  probable t ime l i n e s  a s s o c i a t e d  w i t h  s p e c i f i c  - and y e t  undetermined - ex- 
peremental programs could not be considered.) The t o t a l  c o s t  of t h e  changes t o  
t h e  EDU were es t imated  a t  approximately $2,8 m i l l i o n ,  inc luding  development c o s t s ,  
f i r s t  u n i t  c o s t s  and c o s t s  of management and i a t e g r a t i o n  i n t o  the  system. 



2,6 ZNmODUCTION AND SCOPE 

This r e p o r t  p re sen t s  t he  r e s u l t s  of Phase B4 Addi t iona l  Task 8, "IMBLMS (EDU) 
Inco rpora t ion  of Biosciences Measurement Capabi l i ty" .  This t a s k  was performed 
t o  determine the  requirements  and approach f o r  i nco rpora t ing  i n t o  t h e  IMBLMS 
Engineering Development Uni t  (EDU) t h e  measurements def ined  i n  and der ived  from 
t h e  NASA "Blue Book" L i f e  Sc iences ,  Volume V I I I ,  r e f e rence  Ea r th  O r b i t a l  Re- 
s e a r c h  and Appl ica t ions  I n v e s t i g a t i o n s ,  of January 15, 1971. 

2.2 BASELINE DOCUMENTS 

Base l ine  documents f o r  t h i s  s tudy  cons i s t ed  o f :  

- NASA IMBLMS Phase C Statement  of Work ( d r a f t )  of 1 J u l y  1971, used f o r  
d e f i n i t i o n  of t h e  EDU program and t e c h n i c a l  requirements.  

- GE Phase B4 EDU pre l iminary  des ign ,  used (with changes i n d i c a t e d  by t h e  
Phas-e C Statement of Work d r a f t )  a s  t h e  des ign  b a s e l i n e  from which 
needed a d d i t i o n s  o r  mod i f i ca t ions  could be defined.  

- Phase B4 Added Tasks, Task 7 "Phase C Prel iminary Planning Study", used 
as t h e  source of t e c h n i c a l  and programmatic planning response t o  t h e  
Phase C d r a f t  Statement  of Work inc lud ing  i d e n t i f i c a t i o n  of changes from 
t h e  Phase B4 pre l iminary  design.  

2.3 KEY GUIDELINES 

Seve ra l  g u i d e l i n e s  and assumptions were adopted, w i t h  NASA concurrence,  f o r  t h e  
conduct o f  t h i s  task .  Summarized, t h e  a r e :  

- Only those  r equ i r ed  measurements and techniques  s t a t e d  i n  o r  der ived  
through i n t e r p r e t a t i o n  of f a c i l i t y  requirements  of t h e  "Blue Book" were 
u t i l i z e d  i n  t h e  s tudy.  Items r e l a t e d  t o  f u t u r e  c a p a b i l i t y  growth beyond 
t h e  scope of exper imenta t ion  c h a r a c t e r i z e d  i n  t h e  "Blue Book" were not  
cons idered  a s  p a r t  of t h e  EDU requirements .  (Example i s  holography, 
l i s t e d  a s  a  "core" i tem but  no t  supported by examination of t h e  e x p e r i -  
mentat ion needs.) 

- Experiment-specif ic  equipment such a s  animal cages,  r e s t r a i n t  appa ra tus ,  
ho ld ing  f i x t u r e s ,  s p e c i a l i z e d  senso r s ,  and waste managmenet f a c i l i t i e s  
f o r  t h e  va r ious  b i o l o g i c a l  s p e c i e s  a r e  no t  included i n  t he  "Blue Book" 
de r ived  r eq t i r emen t s  f o r  t h e  EDU. These items a r e  determined p r imar i ly  
by t h e  s p e c i f i c s  of  experiments not  y e t  def ined ,  and have a  low p o t e n t i a l  
for common a p p l i c a t i o n  a c r o s s  experiments ,  so  a t tempt ing  t o  a s s i g n  them 
to t h e  mBEMS was no t  deemed e f f e c i t v e ,  (2Zlis corresponds t o  t h e  exper- 
irnenter "su i tcase"  approach to be i n t e r f a c e d  w i t h  and supported by t h e  
MBEMS, a s  v i s u a l i z e d  by D r ,  W, Hull  of MSC,) 



- c o s t  e s t i m a t e s  a r e  approximations based upon judgement of persons andlor  
o r g a n i z a t i o n s  experienced i n  the f iekds/equipments  being cos t ed ,  r a t h e r  
t han  d e f i n i t i z e $  quotes .  They a r e  i n  accordance wi th  t h e  s tandards  a s -  
s o c i a t e d  w i t h  t h e  EDU program and c a r r y  through inco rpora t ion  i n t o  t h e  EDU 
system. 

2.4 ELWNTS OF THE STUDY 

The p r i n c i p a l  e lements  of t h i s  s tudy,  based on t h e  subtasks  of t h e  Task, a r e :  
J - - Compilation of t h e  Bioscience measurements der ived  from t h e  FPE's 

(Funct iona l  Program Elements) and c o r e  c a p a b i l i t y  from t h e  Blue Book i n t o  
i a requirements  l i s t i n g ,  

- D e f i n i t i o n  of t h e  approaches t o  conduct t h e  Bioscience measurements. f 

. - I d e n t i f i c a t i o n  of t h e  requirement f o r  and degree o f  mod i f i ca t ion  of t h e  
EDU t o  s a t i s f y  these  requirements  and approaches, 

- I d e n t i f i c a t i o n  of a d d i t i o n a l  EDU equipments and func t ions  t o  s a t i s f y  
t h e s e  requirements  and approaches, 

- Determinat ion of i n t e r f a c e  and system impact of adding t h e  Bioscience 
measurement c a p a b i l i t y .  

- Prepa ra t ion  of budgetary e s t i m a t e s  and r a t i o n a l e s  f o r  t h e  a d d i t i o n s  and 
changes. 

- P r e p a r a t i o n  of f i n a l  r epo r t .  



3 , l  GCR"IIPILAT%ON OF "BLUE BOOK" BIOSCPENCE -AS 

Measurement requirements  were compiled f o r  the fo l lowing  h n c t i o n a l  Program 
Elements (FPE) i n  t he  L i f e  Sc iences  d i s c i p l i n e :  

(L-1) Medical Research F a c i l i t y  

(L-2) Ver t eb ra t e  Research F a c i l i t y  

(L-3) P l a n t  Research F a c i l i t y  

(L-4) C e l l s  and Tissues  Research F a c i l i t y  

(L-5) I n v e r t e b r a t e  Research F a c i l i t y  

(L-6) L i f e  Support and P r o t e c t i v e  Systems 

(L-7) Man-System I n t e g r a t i o n  

Two types  of requirements  were considered:  FPE s p e c i f  i c y  and "CORE", The FPE 
s p e c i f i c  a r e  those  t h a t  can  be der ived  from t h e  d e s c r i p t i o n s  and t a b u l a t i o n s  i n  
t h e  "Blue Book" r e l a t i v e  t o  s p e c i f i c  experiments;  whereas t h e  "CORE" a r e  t hose  
which a r e  i d e n t i f i e d  i n  t h e  "Blue Book" a s  r e l a t e d  t o  common-purpose ca  a b i l -  
i t i e s  "serv ing  a  broad spectrum of experimental  a r e a s  i n  s e v e r a l  FPEts'.P That 
compi la t ion  conta ined  numerous d u p l i c a t i o n s  and a r e a s  of  over lap ,  due t o  common- 
a l i t i e s  of  requirements  between FPE's beyond those  i d e n t i f i e d  a s  p a r t  of t h e  
"CORE". I n  a d d i t i o n ,  t h e r e  a r e  ca ses  where s e v e r a l  requirement  i tems may be 
implemented through use  of t h e  same equipment, and thus  r ep re sen t  a  s i n g l e  de- 
mand on t h e  system. These commonality c o n s i d e r a t i o n s  l e d  t o  t h e  next  s t e p  i n  
t h e  s tudy ,  a  s y n t h e s i s  of a l l  t h e  aforementioned measurement requirements  i n t o  
a non-overlapping s e t  which i s  much more meaningful and manageable i n  terms of 
t h e  o b j e c t i v e s  of t h i s  Task 8 study. 

3.2 SYNTHESIS OF MEASURENENT REQUIREMENTS 

The syn thes i zed  s e t  of requirements  was developed through a n  i t e r a t i v e  process  
i nvo lv ing  t h e  "Blue Book" g u i d e l i n e s  and t h e  a p p l i c a t i o n  of s c i e n t i f i c  judgement 
by t h e  t a s k  p a r t i c i p a n t s .  Using t h e  o b j e c t i v e s  r e l a t e d  w i t h  each of t h e  Func- 
t i o n a l  Program Elements i n  t h e  "Blue Book", a  s y n t h e s i s  was developed by l i s t i n g  
t h e  measurements and func t ions  g e n e r a l l y  considered a s  necessary  by t h e  p a r t i c -  
i p a t i n g  l i f e  s c i e n t i s t s  i n  performing environmental s t u d i e s  t o  s a t i s f y  those  ob- 
j e c t i v e s .  The o r d e r  i n  which t h e  FPE's were analyzed was inve r se  w i t h  r e s p e c t  
t o  t h e  degree  of c o r r e l a t i o n  between t h e  LMBLMS EDU c a p a b i l i t i e s  had FPE r e q u i r e -  
ments; t h u s ,  t h e  C e l l s  and Tissues  Research F a c i l i t y  FPE was t r e a t e d  f i r s t ,  s i n c e  
it was expected t o  have t h e  l e a s t  c o r r e l a t i o n  w i t h  t h e  EDU requirements;  t h e  
Medical Research F a c i l i t y  FPE was analyzed l a s t ,  s i n c e  i t  was expected t o  have 
the  g r e a t e s t  c o r r e l a t i o n  w i t h  t h e  EBU, The requirements  thus  der ived  were then  
checked a g a i n s t  t h e  o r i g i n a l  compi la t ion  of "Blue Book" requirements ,  and any 
b a s i c  d i f f e r e n c i e s  were r e c t i f i e d ,  

It is s e e n  t h a t  t h e  FPE requirements  i n  t h e  "Blue Book" were not used a s  t h e  only  
source of in format ion  f o r  t h e  de te rmina t ion  of t h e  synthes ized  l i s t  of measurement/ 
f u n c t i o n a l  requirements ,  Independent s c i e n t i f i c  judgement was appl ied  t o  gene ra t e  
a  r e a l i s t i c  l i s t i n g .  The fo l lowing  comments concerning t h e  "Blue Booktt r e q u i r e -  
ments a r e  t o  c l a r i f y  the  need f o r  t h i s  type  of s y n t h e s i s :  



a ,  Tiie L i f e  Science p o r t i o n  of t h e  Blue Book d e s c r i b e s  a candida te  concept  
of a f a c i l i t y ;  it does no t  d e s c r i b e  a n  experiment program, P a r t  A i s  a 
gene ra l  i n t r o d u c t i o n ;  P a r t  B l i s t s  mult ipurpose equipment, inc luding  t h e  
COW; Sec t ions  1 t h r u  7 desc r ibe  s u b = f a c i l i t y  concepts  t o  accomplish t h e  
FPE's, cog., Ver t eb ra t e  Research F a c i l i t y ,  P lan t  Research F a c i l i t y ,  e t c .  
The equ ipmen5desc r ip t ions  w i t h i n  t h e  CO'ZE and FPE f a c i l i t i e s  a r e  not  
amenable f o r  d i r e c t  comparison w i t h  t h e  EDU equipment s i n c e  t h e  organiza-  
t i o n  and i d e n t i f i c a t i o n  of  equipments d i f f e r s  g r e a t l y  and masks common- 
a l i t i e s  which may e x i s t ,  Rather ,  t h e  f u n c t i o n a l  c a p a b i l i t i e s  and measure- 
ments a r e  a b e t t e r  b a s i s  f o r  matching s i n c e  t h e  commonalities and d i f -  
f e r ences  can  be compared d i r e c t l y ,  

b. The measurement d e s c r i p t i o n s  i n  t h e  Blue Book a r e  abbrevia ted  i n  t he  
Experiment Requirement Summaries, w i th  t h e  e n t r i e s  i n  t hese  summaries 
s u b j e c t  t o  a wide range of i n t e r p r e l a t i o n s  depending on the  s p e c i f i c  
n a t u r e  of t h e  experiment a t  hand. I n s i g h t  and accu ra t e  i n t e r p r e t a t i o n  
can  be made only  f o r  those  experiments  t h a t  a r e  def ined  i n  t h e  "Blue Book" - 
bu t  only one r e p r e s e n t a t i v e  experiment is  def ined  i n  each c l a s s  of ex- 
per iments  (e.g., The Medical Research F a c i l i t y  FPE has e leven  c l a s s e s  
of experiments ,  such a s  Neurological  Funct ion,  Cardiovascular  Funct ion;  
e l even  corresponding r e p r e s e n t a t i v e  experiments de f ined  ou t  of t h i r t y -  
e i g h t  i d e n t i f i e d  experiments),  

c .  The CORE c o n t a i n s  many items t h a t  g ive  t h e  L i f e  Sc iences  F a c i l i t y  an 
expanded c a p a b i l i t y  undoubtedly designed t o  permit t h e  performance of a 
broad spectrum of exper imenta t ion  even beyond t h a t  which i s  implied by 
t h e  experiments which a r e  i d e n t i f i e d  i n  t h e  t ex t .  (For i n s t ance ,  i n  t h e  
Visua l  Records and Microscopy Unit  o f  t h e  CORE i s  included a Holograph 
weighing 115 pounds and consuming 500 w a t t s  of power). Equipment i tems 
such a s  t h i s  may no t  be e s s e n t i a l  t o  t h e  performance of a v i a b l e  i n i t i a l  
experiment program us ing  IMBLMS, t h e r e f o r e ,  they were not  considered as 
a requirement  based on measurements necessary  t o  accomplish a n  i n i t i a l  
experiment program. 

Methods o r  approaches f o r  t h e  implementation of t he  measurements r e s u l t i n g  from 
t h e  s y n t h e s i s  s t e p  descr ibed  above were then  determined, I n  performing t h i s  
sub ta sk ,  p a r t i c u l a r  a t t e n t i o n  was g iven  t o  t hose  techniques  and approaches incom- 
passed i n  t he  des ign  of t h e  EDU, i n  o rde r  t o  ensure  cons ide ra t ion  of t h e  f u l l  
IMBLMS c a p a b i l i t i e s ,  Thus, i f  a p a r t i c u l a r  device  i n  t he  EDU was p a r t i a l l y  o r  
f u l l y  capable  of performing a g iven  measurement, t h a t  approach was s e l e c t e d .  I n  
c a s e s  where t h e  a p p l i c a b i l i t y  of t h e  EDU equipment o r  techniques were tenuous ly  
r e l a t e d  t o  t h e  s p e c i f i c  measurement needs, t h a t  approach was no t  considered.  

The measurement l i s t s  f o r  accomplishing each FPE ( p r i o r  t o  combination i n t o  a 
s i n g l e  l i s t )  t oge the r  w i t h  p e r t i n e n t  c h a r a c t e r i s t i c s  and o t h e r  no tes  a s  t o  i m -  
p lementa t ion  a r e  contained i n  Tables 3,2-1 through 3.2-7 a s  fol lows:  

Table 3,2-1: FPE L-2 Medical Research F a c i l i t y  Measurements - Are t a t -  
u l a t e d  by exper inent  c l a s s  

Table 3.2-2: FPE L-2 Ver tebra te  Research F a c i l i t y  - Because of ove r l ap  
wi th  o t h e r  FPE1s, a m p l i f i c a t i o n  of t he  measurement l i s t  w i th  
c h a r a c t e r i s t i c s  was not  requi red .  

Table 3.2-3: FPE L-3 P lan t  Research F a c i l i t y  



Table 3,2-4: FPE L-4; C e l l s  and Tissues  &search  F a c i l i t y  

Table 3,2-5: FPE L-5; I n v e r t e b r a t e  Research F a c i l i t y  

Table 3.2-6: FPE L-6; L i f e  Support and P r c t e c t i v e  Systems 

Table 3.2-7: FPE F-7; Man-System I n t e g r a t i o n  

The s i n g l e ,  combined non-dupl ica t ive  measurement l i s t ,  t oge the r  w i th  approaches . f o r  accomplishment and o t h e r  comments, is contained w i t h i n  Table 4-1 and d i s -  
cussed i n  Sec t ion  4.0 - Resul t s .  

! 
3.3 EFFECT ON EDU 

Each measurement requirement was ca t egor i zed  accord ing  t o  t h e ' c a p a b i l i t y  of t h e  
EDU t o  perform t h a t  measurement, Three c a t e g o r i e s  were considered:  

1. Measurements t h a t  can  be performed f u l l y  by us ing  t h e  equipment cap- 
a b i l i t i e s  of t h e  EDU, 

2. Requirements f o r  measurements i n  t h i s  ca t egory  can only  be  s a t i s f i e d  
p a r t i c a l l y ,  and r e q u i r e  modi f ica t ion  of t h e  EDU equipment a s  p r e s e n t l y  
def ined ,  

3. Requirements f o r  measurements i n  t h i s  ca t egory  r e q u i r e  t h e  a d d i t i o n  of 
new equipment t o  t h e  EDU. 

I n  making t h e  c a t e g o r i z a t i o n s ,  two b a s e l i n e  documents were appl ied :  

1. The IMBLMS Phase B4 F i n a l  Report (Document GE Number 70SD5386) provided 
t h e  b a s e l i n e  of t h e  EDU pre l iminary  des ign  inc lud ing  measurements and 
measurement requirements ,  system des ign  and modules i d e n t i f i c a t i o n ,  and 
pre l iminary  module designs.  

2. Phase B4 Added Tasks Task 7,  Phase C Pre l iminary  Planning Study, Sub- 
t a s k  1 EDU System Design, i d e n t i f i e d  t h e  measurements and modules i n  
t h e  EDU based on t h e  1 J u l y  1971 d r a f t  Statement  of Work. While some - d i f f e r e n c e s  d id  e x i s t  from t h e  Phase B4 pre l iminary  des ign ,  t h e  i d e n t i -  
f i c a t i o n  i n  t h i s  t a s k  was t o  an i tem r a t h e r  than  a  pre l iminary  des ign  
l e v e l  s o  t h a t  t h e  pre l iminary  des ign  w;s t h e  primary base, 



FPE : L- P MISDEW RESEARCH FACILITY 
EXPER1MF;NT CLASS:: NEUROLOGICAL FUNCTION 

ROTATING LITTER CWAIB ANGULAR VELOCITY 

ROTATING LITTER CHAIR MOTOR CURRENT 

SUBJECT ANGULAR ACCELERATION 

HEAD MOTION 

MIBIENT TEMPERATW 

SUBJECT REMOTE SIGNALS 

VOICE RECORDS 

EEG 

TABLE 3.2-1 
COMPILATION OF BIOSCIENCE MEASUREMENTS 

CHARACTERISTICS 

3 BILEVEL DISCRETE CHANNELS 

1 CHANNEL 

6 ANALOG CHANNELS 

4 ANALOG CHANNELS 

1 ANALOG CHANNEL 

2 3  BILEVEL DISCRETE CHANNELS 

1 ANALOG CHANNEL 

6 ANALOG CHANNELS, RANGE 6 - 3  m.v., SMALLEST INCREMENT 0 

- 
NOTES 

1 0  SAMPLES /SEC. 

ASSUME ANALOG, 3 2 0  SAMPUS/SEC. 

ASSUME ANALOG, 1 SAMPLE/SEC. 

ASSUME ANALOG, 1 SAMPLE /SEC , 

1 SAMPLE/SEC. 

ASSUME 100-3k  Hz ADEQUATE 



FPE: t-l 
EXPERIMENT CLASS: RENAL FUNCTION 

pH AND RADICAL CONCENTRATIONS IN HAND 

pH AND RADICAL CONCENTRATIONS IN URINE 

RENAL BLOOD FLOW 

(RENAL FUNCTION) 

(RENAL CALCULUS FORMATION) 

(RENAL INFECTION) 

SPECIMEN MASS 

I BODY PfASS 
m 
I 

URINE SAMPLE & VOLUME MEASUREMENT 

NTS (NOT BLUE BOOK DERIVED) 

FLUID TRANSFER EQUIPMENT 

BLOOD ANALYSIS EQUIPMENT(F0R SERUM ELECTOLYTES) 

MICROSCOPE 

COLONY COUNTER 

HISTOLOGY KIT~SLIDE CABINET 

HISTOLOGICAL STAINING SYSTEM 

TABLE 3.2-1 (Cont'd) 

CHARACTERISTICS 

SPECTROPHOTOMETRIC/REFRACTION MEASUREMENTS 

- 
NOTES 

MEASURED BY PARA-AMINOHIPPURIC ACID (PAW) 
CLEARANCE 

OTHER REQUIREMENTS : 

1. FREEZER IS REQUiCED 15 CU. FT, 

2. MICROCENTRIFUGE (10 LBS) 



FPE: L - I  
EXP . CLASS : MUSCULD- SKELETAL RIMXION TABLE 3.2-1 (Cont'd) 

RESPINRATION RATE 

PlEASUREPlENT 

I RATE: 8 - ~ O / M N ,  1 C W W L  REQUIRED 

CHARACTERISTICS KOTES 

HEART RATE I RATE: 40- 1 8 0  MIN. ; 1 CHANNEL REQUIRED I 
BODY TEPPERATURE 

BLOOD PRESSURE 

ERGOMETER OUTPUT 

ERGOPETER SPEED 

METABOLIC (OUTPUT ) 

9 5 - 1 0 5 ~ ~ ,  SMALLEST INCREMENT : 0.   OF 

RANGE: 3 0 0 / 1 5 0  - 1 0 0 / 6 0  

I RANGE: 50-300 WATTS, SMALLEST INCREMENT: 10 WATTS I 
I RANGE: 40-90 r.p.m., 1 0  r.p.rn. I 

VOICE RECORDS I i 
I 

L D  

I 

SUGGESTED REQUImmNTS (NOT BLUE BOOK DERIVED) 

BLOOD GAS ANALYSIS 

EXPERIMENT : HEBATOLOGIC FUNCTION 

RED ,CELL MASS 

?EASUREPE.LCNT I CHrULACTERISTICS 

PLASMA V O L W  

SOTES 

1 2 5  
I USED, 

Cr51 INJECTTON METHOD, RADIOACTIVE COUNTING 

RADIOACTIVE COUNTING 

R E m E s  TO RED CELL PRODUCTION, DISTRIBUTION, 
AND DESTRUCTION 

/ PLASMA VOLUME CHANGES TO BE PERFORMED 

I SIMULTANEOUSLY WITH RED CELL MASS 
MEASUREMENTS. 

I IN-FLIGHT HEMATOLOGY MAY BE REQUIRED 



FPE: L-1 
EXPERIMENT CWSS: GAXI)IOVASCULAR FUNCTIONS TABLE 3.2-1 (Cont'g) 

V O L W ,  RIGHT & LEFT LEG I RANGE: 6-101, SMALLEST INCREMENT = 0.1%. 1 HZ RESPONSE SPECIFIES ANALOG I 
BLOOD PRESSURE 

AUDIO INPUT 

BODY TEMPERATURE 

AMBIENT PRESSURE 

AMBIENT TIiSPERATURE 

VOICE RECORDS 

ARTERIAL PRESSURE 

INTRAOCULAR BLOOD PRESSURE 

WLISTOCARDIOGRAPH 

PERIPHERAL ARTERIOLAR REACTIVIW 

I RANGE: 0-160 6 Hg, SMALLEST INCREMENT = lmm Hg. I BLOOD PRESSURE CUFF 
I BILEVEL DISCRETE, FREQUENCY = Z/MIN I ANALOG INPUT TO EARPHONE 

RANGE: 98.6'~ ts0F, SMALLEST INCREMENT = 0.  OF 

RANGE: 14.7 psi - SMALLEST INCREMENT 0.05 psi 

RANGE: 72'~ 2  OF, SMALLEST INCREMENT 0. I'F 

100-3kH3 RESPONSE 

RANGE: 0-5 mv., SMALLEST INCREMENT = 0.1 mv, 100 HZ 
RESPONSE 

ANALOG SPECIFIED 

DIGITAL SPECIFIED 

DIGITAL SPECIFIED. 

ANALOG 

ANALOG SPECIFIED 

I SUBJECT IDENTIFICATION & TIMING ARE SPECTFlUl &SO. 



FPE: L-1 

EXPERIMENT : MICROBIOLOGY AND INMUNOLOGIC FUNCTION TABLE 3.2-1 (Cont'd) 

NORMAL RANGE 
(20-? 

1. TOTAL PLASMA PROTEINS 6-0 - 8.5% 

2. PLASMA GLOBULINS 
ALBUMIN 
41-GLOBULIN 
*2-GLOBULIN 

BMBULIN f GLOBULIN 

I ~ G /  6-GLOBULIN 
I@/ A-GLOBULIN 

I 
v 

I@/ PI-GLOBULIN 
v d2M-GLOBULIN 
1 TWSFERRIN 

@A-c ' 3 COMPONENT 

4 .  PLASMA ENZVME 
mIDOSE (LPSOZUME) 6 "g/ml 

B. CELLULAR ImNITY 

C. COAGULATION STUDIES 

FREEZER 
PHOTOGRAPHIC CAMERA 

CHARACTERISTICS 

EQUIPMENT OR TECHNIQUE 

GOLDBERG TEMPERATURE -COMPENSATED 
REFRACTOMETER. 

ELECTROPHORESIS USING SPINCO 
MICROZONE CELLULOSE-ACETATE 
TECHNIQUE. 

IMMUNOELECTROPHORESIS USING AN 
AGAR-GEL MICROTECHNIQUE. 

PROCHOP TURBITIMETRY 

NYLON-RECTICULUM COLUMN TECHNIQUE 

FIBRINOL'YTIC ACTIVATION AND 
INHIBITION 

SAMPLE SIZE 
I 
I 

0.2 ml PLASMA , 

8 J'l PER PROTEIN 
DETERMINATION 

15 ml OF HEPARINIZED 
VENOUS BLOOD 

7.5 ml CITRATED PLASMA 
5.0 ml URINE 

NOTES 



FPE: I..-1 
EXPERIMENT CLASS: CLINICAL - THERAPEUTIC FUNCTION TABLE 3.2-1 (Cont 'd) 

ELECTROCARDIOGRAM * 
VECTORCARD IOGRAM 

CARDIOTACHOMETER OUTPUT BLUE BOOK STATED INSTRUMENT UNDER DEVEWPMENT. 

TIME ELAPSED TIMER REQUIRED 

ERGOMETER OUTPUT 50-300 WATTS 

I FPE: L-1  

I EXP. CLASS: NUTRITION &METABOLIC FUNCTION 
r 
N 
I 

REQUIRES URINE SAMPLE FREEZER 

FECES SAMPLE & MASS MEASUREMENT 

BODY MASS 

FLUID INTAKE I 

REQUIRES FECAL COLLECTOR & VACUUM DRYER. 

BLOOD ANALYSIS 
.. - . -- - ------ 

EXPERIMENT a A :  ENVIRONMENTAI.FACTORS 

MICROBIAL AIR SMLING 



L-2: VERTEBRATE RESEARCH FACILITY TABLE 3.2-2 
COMPILATION OF BIOSCIENCE MEASU 

MEASUREMENTS 

TV Monitoring 
ECG 
EEG 
rnG 
Respiratory Rate 
GO2 Production 
01 Consumption 
?dermal Output 
Photographic Record . 
Voice Records 
Food eonsumption 
Water Consumption 
Musculoskeletal Tonus 
Urine Output 
Feces Output 
Hematologies 
Chemistries 
Serologies 
Radiochemistries 
~ytological/~istologica~ Analysis 
Bacterial Counts 
Bacterial Assay 
Blood Pressure 
Blood Gases: 

$4 
PH 

Total Bodywater 
Total Body Weight 
Extracellular Fluid 
Ambient Conditions 

* ~ 0 2  
* pCO2 . pNH 
*PH28 
.Temperature 
.Noise 
.Vibration 

Ambient Conditions (continued) 
.Acceleration 
.Radiation 

a .Illumination Level 
Urine Analysis 

Radiobiological Measurements 

Cardiovascular Measurement 
.Heart Rate . EKG 
.Arterial & Venous Pressure 
.Arterial & Venous Blood Flow 

Hemodynamic Measurements 
.Blood Volume . % Hemoglobin 
.Plasma protein 
.Cardiac Output 
.Arterial & Venous p02 

Metabolic 
.Caw Balance 
.H20 Balance 
.N2 Balance 
.Caloric Balance 
.Body Temperature 



L-3: PLANT RESEAWCW FACILIW 

Monitoring TV 

Ambient Measurements - Plant Holding Unit . Temperature 
.Relative Humidity 
.Atmospheric Pressure . PO2 - P N ~  
. PNR3 
.P%O 
.Noise 
.Vibration Level 
.Illumination Intensity 

plant Size I 
Gravity Level (Steady State) 

Radiation Level 

Biochemical Analysis 

Photographic Record 

s tress/Movement 

Radiobiology bleasuremeat 

Biocentrifuge Speed 

Specimen Fixation 

Microscopy (see COa) 

TABLE 3.2-3 
COMPILATION OF BIOSCIENCE MEASUREMENTS 

C H A R A W  . NOTES - . .* 

I 
Color, B W  I 
Range: 293'~ to 313'~; Precision: 2 1°K 
Range: 40°to 90%; Precision t 5% of setting 
Range: 740 to 780 mn. Hg. 
Range: 135 50 165 mm. Hg. 
130 db max. 

~ o - ~ G  peak to peak, frequency 10-5000 cps (estimated) 
Range: 0-200 foot-candles 
Average dimension = 25 cm, suggested range 0-50 cm 

-2 -5 
10 to 10 , cumulative record of G vs time is required. 
Range: 590 - 600 mn Hg. 
Range: 0.2 to 7.6 nun Hg. 

Spectrum and intensity associated with orbit envelope 
between 28'-55' inclination, attitudes 150-300 n. mi. 

Will include biosynthesis, rate of growth factors, auxin, 
gibberellin, cytokinin, ethyline 

Still photography, time-lapse photography 

Strain gauges, high sensitivity 

Capability for radioisotope tracer studies 

Total illumination + UV intensity measurements 
required. 
Optical measurement methods prepared, to 
prevent perturbations. 

p02 and pC02 measurements to be adequate 
for continuous measurement of gas exchange 
for photosynthetic, respiratory and 
assimilatory analysis. 

Dosimeters to identik, particularaa 



L-3: PLANT R E S M C H  PACXLITI (Continued) 
TABLE 3.2-3 

COMPILATION OF BIOSCIENCE MEASUREMENTS (Cont'd) 
* MEASUREMENT CHARACTERISTICS NOTES 

Endogenous Plant RH?yths 

Biochemical Changes 

Morphological measurements 

Growth, development & epinasty 

Biosynthesis 

Enzyme activity (e,g. peroxidase) 

Histological examialation of tissue 

Cytological analysea of cell types 

Pathological and anatomical examination 

Changes in polarity 
I 
6- 

Position of cell organelles 

Amino Acid bfetabolism 

Correlation of Proline & Homolog6 

Biosynthesis & Catabolism of 
essential amino acids 

Amount & composition of free amino 
Acid Pool 
Celluler calcium distribution 

Cellular membrane function 

Synthesis rate o f  DNA, RUIl & proteins 

Anamtity of lignin, cellulose, pectic & 
cuticular substances 

Changes in saponifiable & non-saponifiable lipids, proteints & 
carbohydrates 

Photographic records 

Auxim, gibbercellin, cytokinin, ethylene using radiometric 
tagging 

In cell, tissue or organs 

Includes study of the characterization of enzymes which catalyze 
the methionine, and their derivatives 

Solute uptake rate, osmotic potential, cell water potential, 

Measurementsprior to quick freezing for 
preservation. 

May be performed on the ground facility after 
return 

I 1  

I 1  

*This listing shows measurements 1 concerning the Role of Gravity in 
Plant Life Cycles + Processes, 
specifically Metabolism & Energetics in 
Hypogravity. 



L-4: CEUS & TISSUES RESEARCH FACILITY 

Monitoring TV 

Ambient Measurement - Incubator 
Temperature 
Total Atmospheric Pressure 

p52 
PC02 
PC0 
PNH3 
P'120 
Nolse 
Vibration 
Illmination 
Radiation Level 

Microscopy (see CORE) 

Photographic Record 

Gravity Level 

Substrate pH 

Histological Analysis 

Biochemical AnaLys is 

Morphological Examination 

Radiobiological Analysis 

TABLE 3.2-4 
COMPIIATION OF BIOSCIENCE MEASUREMENTS 

CHARACTERISTICS 

I 
Color; B&W 

310'~ to 78'~ 
750-770 m Hg. 
140-160 mm Hg. 
less than 3.0 mm Hg. 
less than 0.01 mm Hg. 
less than 0.01 

130 db max. 
G peak to peak, frequency 10-5000 cps (estimated) 

20 - 100 St. candles 
Spectrum and intensity associated with orbit eavelope between 
28O - 55O inclination, altitudes 150-300 n. mi: 

NOTES /COMMENTS 



L-5: INVERTEBMTE .=SEARCH FACILITY 

Monitoring TV 
Ambient Measurement 

.Temperature 

.Total Atmospheric Pressure 

.PO:! . pC02 

. PI120 

.Noise 

.Vibration 

.Radiation Level 

.Lighting 

Microscopy (see Core) 

Photographic Record 

Gravity Level 

Respiration Rate 
I 
P 

7 Histologies 

Eclosion Rate 

Chemical Analyais - 

Mass Measurement 

Radiobiological Measureroents 

TABLE 3.2-5 
COMPILATION OF BIOSCIENCE MEASUREMENTS 

CHARACTERISTICS 

Color, B&W 
lom2 to 10'5~ 
Range 283 to 333'~, Precision 5 ~ O K  

750-770 m.m. Hg. 

Dosimeter 
0-120 St. Candles 

Still + time-lapse photography 
~ange: lom2 to G 

On insects such as ~eri~laneta' Americana 

Includes on-board analysis of gas samples for insect holding units 

Milligram precision 

Utilizes isotopic tracers 



TABLE 3.2-6 
COMPILATION OF BIOSCIENCE MEASUREMENTS 

FPE E-6: LIFE SUPPORT AND PROTECTIVE SYSTEMS - 

Instrumentation required t o  s a t i s f y  t he  requirements of t h i s  FPE a r e  considered a pa r t  of 

t h e  experiental  components, assemblies and subsystems t o  be tested.  Measurements obtained 

through tha t  experiment - peculiar equipment w i l l  consis t  of standard f l u i d  pressures, 

temperatures and flow ra t e s  t h a t  a r e  already accounted fo r  i n  Table 3.2-1 thru 7. 

I 
I-' 
(30 
I 



L-7: MAN-SYSTEM INmGRATION TABLE 3.2-7 

C(IMP1IATSON OF BIOSCIENCE MEASUREMENTS 

MEASUREMENTS CHARACTERISTICS NOTES /COMMENTS 

I I 
Centrifuge Speed 1 0-4.9 radianslsec. I 
Metabolic Analysis 

Impact Force 

Acceleration 

Event Time 
Visual Measurements 

Acuity 

.Depth Perception 

.Brightness Threshold 

.Visual Field 
, .Flicker Fusion Frequency 
r .Phorias 
w 
I .Glare Recovery 

.Color Perception 

.Dark Adaptation 
Auditory Measurements 

.Absolute Threshold 

.Pitch Discrimination 

.Temporal Acuity 

.Speech Intelligibility 

.Sound Localization/Motion Discrim. 
Cultaneous Pressure Threshold 

Psychomotor Processes: 
.Fine Motor Abilities 
.Complex Motor Abilities 
.Gross Body Coordination 
.Continuous Control 
.Reaction Time 

Complex Processes: 
.Time & Motion 
.Concentration 

O2 and C02 breadth; 1-30000 cal/min., 

Dynamic acceleration or strain-gage measurements 
(0-200 ft- lb) 

Multiple simultaneous acceleration readings (nominal: 13) 
(0.1 - 10G) 
Identified times of events such as impact occurrence 
Requires automatic sequencing of pre-programmed stimuli & 
recording of response scores. 

Measured in millimeters (3 digits). Precision: to one 
decimal point 

Measured in percent of distance travelled 
~andeller/rnz (3 significant digits) 
90~~eri~herall~ in all 12 meridians 
20-50 Hz. 
Meas red in radians from center of fixation 
cd/my and seconds of time 
Up to 99 hues 
cdfm2, seconds of time 
Presents sequential pure-tone stimuli from 500-6000 Hz 

100-10000 Hz, 0.0002 dyne/cm2 
Duration 0.5-1 sec., Interval: 0-250 m sec; Level 0-50 db. 
0-2000 Hg: 5 10Hz; 2000 Hq up: 2 20Hg 

Pre-programmed stimuli such as lights, meters, and CRT 

Simple and complex 

Includes complex perceptual processes, meditntional processes, & 
memory. 

I Portable analyzer 
I Crevman generated impact forces during mobility tests 
I Crevman accelldecel during mobility tests 

I 

Recommended instrument: Rudmose ARJ - UA 
Bekesy type audiometer 

Steadiness 

Tracking 



3 . 4  BETERMmATION OF L69TERPAGE AND SYSTEM 1MF"AGT 

Each of the mod3ications o r  additions to the EIDU was examined for system impact. 

3.4.1 The primary impact examined concerned data management requirements (controls, 
displays, data processi,lg and storage). Tables 3.2-1 through -7 contain no tations 
regarding data management effects to be examined on a measurement-by-measurement 
basis. In many cases, scanning of the measurement o r  capability title together with 

f knowledge of the EDU preliminary design was sufficient to determine whether there was 
an impact. Data management impact on other than an individual measurement basis 
could not be determined, since any total system requirement effect would require a 

* mission definition from which time lines could be generated. However, the nature of 
the Engineering Development Unit a s  a ground test system is such that a specific flight - 
like profile is not envisioned. Instead, the exercise of the system is envisioned a s  
having the flexibility to obviate the need for addition of equipments to handle workload 
peaks (see Task 7.0 report). 

3.4.2 Other system impacts were considered secondary from a technical point of view 
and therefore were not directly analyzed. The modular design permits addition of modules 
in a relatively straightforward manner. Modest power and weight effects a r e  not critical 
for an Engineering Development Unit. (The cost effect of integrating the additions and 
modifications into the EDU is factored in, however. ) 

3.5 BUDGETARY ESTIMATES AND RATIONALES 

The budgetary estimates were based on previous experience in the development, con- 
struction and modification of similar equipment. Catalog values were used a s  guideline 
information for  "off the shelfM items. In all cases, estimates of development costs and 
first unit costs included a factor for the cost of coordination and integration with the rest 
of the EDU system. 



The results of the study are  discussed below and are shown in Table No. 4-1, entitled, 
"Synthesized Measurements, EDU Capability and Cost Estimate. " The following 
descriptions of the various headings in that table may facilitate its usage. 

Column No. 1: ITEM NUMBER is a designation that organizes the numerous 
measurements into ten (10) functionally related groups, a s  
described in 4.1 below. 

Column No. 2: MEASUREMENT/FUNCTION required to conduct the FPE1s in 
accordance with the stated guidelines. 

Column No. 3 : MEASUREMENT APPROACHES indicates the equipment o r  
technique that is necessary to conduct the prescribed measure- 
ment. 

Column No. 4: EDU CAPABILITY CATEGORY refers to the three categories of 
capabilities of the EDU to satisfy the measurements, and the 
necessary steps to correct any deficiency, namely: (1) no change, 
(2) EDU equipment modification, (3) new equipment required. 

Column No. 5: CORIMENTS refer primarily to the implications of the category 
that is shown in Column No. 3 je. g, type of modification, new 
equipment required, etc.). 

Column No. 6: COST ESTIMATE is given in terms of dollars for development test 
followed by the initial unit manufacturing cost, including integration 
into the system. 

4.1 REQUIRED MEASUREMENTS OR FUNCTIONS 

The analysis resulted in the identification of ten functionally related groups of measurements 
-*r - o r  functions, as  shown below: 

1. Environmental conditions are  associated with the controlled parameters under 
which the experiment is to be conducted. For instance, noise (acoustical), 
vibration (structural), and micro-gravity variations (acceleration) constitute 
important ccrrelation measurements in most uiological experiments, since 
the measured disturbances may represent cues that adversely influence the 
experhenla1 results, 

2, Microscopy encompasses a variety of optical capabilities for on-board obsermtions, 

3. Photography and Television consist of monitoring and recording equipment 
for visual data, including the capability for on-board photographic processing. 



TABLE No. 4-1 
SYNTHESIZED MEASUREMENTS, EDU CAPABILITY and COST ESTIMATES 

EDU 
ITEM CAPABILITY r 

NO. MEASUREMENT~FUNCTION MEASUREMENT APPROACHES Category COMMENTS COST ESTIMATE 

1.0  Env~ronrnenla l  Conditions 

Temperature  
P r e s s u r e  - total 
Par t la1  P r e s s u r e  

0 2 

1 3 2 0  

CO 
T r a c e  contaminants 

Acceleration ( 1 0 - 4 ~  range) 
Vibration 
Noise 
Radiation 
l l lu~ninal ion 
Par t icula te  Concentration 

The rmis to r s  ( 1) 
Transducer  sys t em ( 1) 
Gas  SpectrometerlChromatograph 

See Mass Spectrometer  / 

(3 )  / Gas  Chromatograph 

(3)  ) - -  #7a Chemical 

Analyses 
( 3 )  

Steady-state Acceleration 'I ransducer  ::I i i Steady s ta te  and dynamic accelera t ion 200K Dev. /loOK per  unit 
Dynamic Accelerometer  measur ing device to be developed for low signal range 
Acoustical Sensor  (1) 
Dosimeters  (2)  Modifications to RDM 40K Dev. / 6OK pe r  unit 
Light intensity m e t e r  ( 3 )  Recording Photometer  12K Dev. / 20K per  unit 
EDU par t ic le  detector  module ( 2 )  Limited mods to Pa r t i c l e  Detector Module Refer to ce l l  counter 

under 115 

, 2.0 Mlcrosiopy 
N 
N I 

D ~ s s e c  Ling 2-ZOOX 
~ ~ ~ h t  lo-103x 
Phase  10-1o3x 
Interference 10-lo3 x 
Fluoresence 10-103x 
D a r k  Field 10 - lo3x  

Dissectirg microscope 
- -  - -  
- -  - -  

Interference microscope 
Fluorescence microscope 
Dark Fie ld  microscope 

3.0 Photography / TV 

Polarold  Photography 

35 xnm 

Time  lapse  
High speed 
i\lormal Cine 
High Resolution Color T V  
Black-u,hite TV 

Standard c a m e r a  sys t ems  with 
exceptions a s  noted i n  "comments" 

Limited mod~f i ca t ions  to OTS i t ems  
2 

( 3 )  
(1)  
( 1) 
(2) Limited modifications to OTS i t ems  
(2) Limited modifications to OTS i t ems  
( 1) 

(3)  Limited m3difications to O T S  i t ems  
(additional evaluation may  be required 
for  flight unit--especially with r ega rd  
to safe ty)  

1 i 
Potent ia l  u s e  of cu r r en t  flight 
equipment to be considered 

(3) 
(1 )  
( 1) 

2OK Dev. / 12K pe r  unit 

30K Dev. / 15K p e r  unit 
60K Dev. / 30K pe r  unit 

15K Dev. / 5K pe r  unit 

50K p a r  unit uaing 
existing Fligllt Vers ion 

'Environmental rnonrtora p r o v ~ d e  general  env~ronmen ta l  m o n l t o r l n g - - E x p e r ~ m n t  speciftc s enso r s  ,CODE: (1) EDU has  the capability to pe r fo rm the measurement ;  no modif~cat lons  requlred 
p r o v ~ d r d  In exper iment  suitcase" to be in terfaced with IMBLMS Data Management (2)  EDU requ i r e s  modificatzon to p e r f o r m  the measu remen t  

'OTS ~ t e m s  Off the Shelf ~ t e m s  (3) New equipment mus t  be added to p e r f o r m  the m e a s u r e m n t  



'I. * 

TABLE No. 4-1 (continued) 

SYNTHESIZED MEASUREMENT, EDU CAPABILITY and COST ESTIMATES 

EDU 

ITEM CAPABILITY * 
MEASUREMENT APPROACHES Cateaory COMMENTS COST ESTIMATE NO. MEASUREMENT /FUNCTION 

4.0 Data Collection and Handling 

o=,clllographii R e c o r ~  .g 
Standard Oscilloscope Moni tor~ng 
Pe r s i s t ence  Oscilloscope Munrtoring 
X - Y  Recording 
Digital Recording 
A-L) conr t rsrol i  
Digital I h t a  5 t r l i 1  a y e  
Magne t~c  1 apc H t  < .>I - t I i e @  

Ir eight/Masa Mcaaiir r i2 . t .  i 

5.0 Specimen IJandiing and Dissection 

Micromanipulation 
Cryogenic Microtomy 
F r e e z e  Drying 
Refr igerat ion 
Freezing 
Storage 
Storage during r e tu rn  
Cell Counting 
Sterilization 
Isolation of Biological Organisms 
Fluid Acquisition and P repa ra t ion  
Specinien Handling 

S t r ip  - cha r t  r eco rde r  
CRT 
CRT (Pe r s i s t ence )  
X-Y Chart  Recorder  
Recorder  
A-D Conver ter  
Memory Bank 
Multi-speed Tape Recorder  
Sma l l  m a s s  measur ing device (SMMD) 

( 1) 
( 1) Assumes  availability of Smal l  

Mass  Measurement  Device (SMMD) 

Surgical  Kit (3) 

Micromanipulator Device 
Microtome ( temperature  controlled) 
F r e e z e  d r y e r  
Refr igerator  
F r e e z e r  
Modular conta iners  
Modular conta iners  
Pa r t i c l e  Detection Module 

( 1) 
Isolation Function of MGOM ( 1) 

( 1) 
EDU/MDOM (2) 

6.0 Radioactive Mater ia l  Storage - - - - - - - - - - 

Limited Modifications and additions 
to c u r r e n t  su rg i ca l  tools 
Limited modifications to OTS 
Modifications to OTS and 
Development Engineering Es t ima te  

ZOK Dev. / 10K p e r  unit 

14K Dev. / 8K per  unit  
70K Dev. / 70K pe r  unit 
150K Dev. / 150K per  unit 

~onfiguration/experiment dependent TBD 
Ambient,  Refr igerator  and f r e e z e r  capability 
Modifications to PDM 40K Dev. / lOOK pe r  unit 

B - 4  SAPM (Sample Acquisition and P repa ra t ion  Unit) 
Modified MDOM (Separate Unit) ' 50K Dev. / 150K pe r  unit  

- - (3 )  Evaluation of Radiation h a z a r d s  50K Dev. / 50K per unit 
(engineering esti~nate) 

* CODE: (1) EDU has  the capability to pe r fo rm the measurement ;  no modificatrons required 
(2) EDU requ i r e s  modification to pe r fo rm the measu remen t  
(3) New equipment m u s t  be added to pe r fo rm the measu remen t  



' TABLE NO. 4-1 (continued) 
SYNTHESIZED MEASUREMENTS, EDU CAPABILITY and COST ESTIMATES 

EDU 
ITEM CAPABILITY * 

NO. MEASUREMENT/FUNCTION MEASUREMENT APPROACHES Category COMMENTS COST ESTIMATE 

7.0 Chern~ca l  Analysis 

Spectrophotometry Spectrophotometer (1 ) 
Gas Chron~aiography Gas  Chromatograph (3)  Modified off- the- shel i  equipment lOOK Dev. 1 lOOK pe r  unit 

Mass Spectrometry  Mass  Spectrometer  (2)  Evaluation of improved spectrometers  5OK Dev. / 50K pe r  unit 
i s  now in process ;  accurate  cost  e s t i -  
mates  a r e  not available. 

Elect rophores is  Elect rophores is  Unit ( 3 )  lOOK Dev. / ZOOK p e r  unit  

Centrifugation 

Manon~e t ry  

Polography 

Rad~a t ion  Detection 

Osmometry  

ph Metering 
High Tempera tu re  Heating 

Fluld Containment 
Mixing of Substances 
X-Ray Radiology 

Activity Sensing 

Centrifuge 

~ r a n s d u c e r s  

Polograph 

Radiation Counter for  < ,'/3 and ! (2) 

Osmometer  (3) 

Specific Ion Analyzer ( 1) 
*en ( 3 )  

( 1) 
(2) 

X-Ray Diffraction P r o c e s s  ( 1) 

Must be tailored to the specif ic  3a 
biological specimen 

Modifications to SAPM (Sample 
Acquisition and P repa ra t ion  Module) 
Five  Ranges to provide broad capability-.  
Modifications to 0 T 5  i t ems  
Modifications to Specific Ion Analyzer 
and Blord Gas  Analyzer 

SOW cal ls  for  Gamma only--alpha 
and Beta type TBD 
TBD - -  cur ren t  types involve solution 
f reezing /boiling 
Fluid handling problem 
- -Ref rac tome te r  to be considered f o r  
some  applications, but exper iment  dependent 

Potent ia l  problem due to limited energy sou rce  
- - ( cons ide r  Solar /Nuclear  energy)  

Modifications to SAPM 
Possible  u se  of clinical X-Ray 

30K Dev. / 50K pe r  unit 

20K ,Dev. / 40K unit 

70K es t imated development 
cost - -poss ible  additional 
electrodes1 
100I< Dev. / 200K unit 

(engineering e s t ima te )  

40K DevJ  ZOK p e r  unit 

20K Dev. / 4016. p w  unlt 

FODE: (1) EDU has the capability to pe r fo rm the measurement ;  no modifications required 
(2) EDU requ i r e s  modification to pe r fo rm the measu remen t  
(3) New equipment mus t  be added to pe r fo rm the measu remen t  

a* a = Sensor s  and e lect rodes  specific to individual exper iments  a r e  responsibi l i ty  of 
exper imenter  and a r e  to be furnished a s  pa r t  of exper iment  "suitcase"--EDU will  
handle a l l  signals and data with appropr ia te  interfacing 

Cur ren t  capability: p 0 2  HC03  K t  C a t t  



TABLE NO. 4-1 (continued) 
SYNTHESIZED MEASUREMENTS, EDU CAPABILITY and COST ESTIMATES 

EDU 
ITEM CAPABILITY * 
NO. MEASUREMENT FUNCTION MEASUREMENT APPROACHES Category COMMENTS COST ESTIMATE 

9.0 Measurements Requiring Instrumentation Specialized, tailored to the specific 
of Vertebrates  and lnver t rbrates  experiment and biological specimen 

Respirometry 

ECG 

EMG 

Cardiovascular P r e s s u r e  and Flow P r e s s u r e  Transducer  and F I G  

Temperature  

10.0 Medical Research Physiological Measurements 

VCG 
EEG 
EOG 

Plethysmography 
Sphymomanometry 
Volce Recording 
LBNP 
RLC 
Ergometer  
Respiration FlowRate 

Cardiovascular Module 
Neurological Module 
Neurological Module 

Plethysmograph 
Sphymomanometer 
Tape Recorder  

Cardiovascular Module ' 

*C-I) EDU has  the capability to pe r fo rm the measurement ;  no modification6 required 
(2)  EDU requ i re s  modification to pe r fo rm the measurement  
(3)  New equipment mus t  be.added to pe r fo rm the measurement  

** a = Sensors  and electrodes  specific to individual experiments a r e  responelbility of 
exper imenter  and a r e  to be furnished a s  p a r t  of exper iment  "suitcase" - -  EDU 
will handle a l l  signals and data with appropria te  interfacing 



4, Data Collection and Handling includes eleetmnie data monibrirrg, formathg, 
recordhg, and analog-to-digital conversion of pre-conditioned analog signals 
from experiment sensors. The capabilities of the EDU meet all the idorma- 
tion management requirements derived from the Blue Book. 

5. Specimen Iiandling and Dissection encompasses freezing and sterilization, in 
addition to the equipment required for manipulation of specimens. 

6. Radioactive Material Storage is required for radiation studies such as isotopic 
trace analyses. -. 

7. Chemical Analysis provides the capability to perform comprehensive on-board 
analysis of a large variety of substances and is comparable to the capabilities 
of a well equipped bio-research laboratory on the ground. 

8. Activity Sensing relates to the surveillance of biological functions and motions 
of the vertebrate and invertebrate experimental subjects during critical phases 
of the test. Including Photography and TV,  which are  covered under Item No. 3, 
special devices will be required to provide this capability for each specific 
experimental requirement in question. 

9. Measurements Requiring Instrumentation of Vertebrates and Invertebrates implies 
a variety of specialized sensors, electrodes and signal conditioners, the 
characteristics of which a re  highly dependent on the specific biological species. 

10. -Medical Research Physiological Measurements include many of the functions 
of IMBLMS, and thus a re  adequately satisfied with the EDU equipment. 

4.2 REQUIRED CHANGES TO THE EDU 

The main additions and modifications to the EDU, as  indicated in Table 4-1, a re  as  follows: 

a. Addition of a gas chromatograph to operate in conjunction with a modified EDU 
mass spectrometer, to satisfy the requirements for precise chemical analysis 
and partial pressure measurements. 

b. Addition of a dissecting microscope, to complement the existing capabilities in 
the EDU. 

e .  Incorporatfon of on-board film processing capabilities for quick-look photographic 
data analysis and spot-check verification that the film data gathered during the 
mission is adequate. 

d, Addition of a micromanipulator device to be used in special places of ce11s 
and tissues and plant research. 



e ,  Modgieation of the EDU Sarnple Acquisition and Preparation Unit for the handling 
of biollogical specimens. 

f, Addition of storage p m ~ s i o n s  for radioactive materials. 

g. Modification of specific ion analyzer and blood gas analyzer for photography 
measuremer~ts. 

4.3 COST ESTIMATE 

This section deals with the cost estimates for equipment in Category 2 o r  3, according 
to the results presented in Table 4-1. The costs for modifications and new equipment 
a re  presented as  sub-totals for each of the ten measurement categories (identified a s  
Items 1 through 10 in Table 4-1). Comments and rationale a re  given, where appropriate, 
concerning these costs, 

4.3 .1  Environmental Condition Measuring Equipment 

Development Costs: $252,000 

Firs t  Unit Costs: $180,000 

Comments: 1. Approximately three-fourths of this cost is related to the acceleration 
and vibration sensors, which need development for very low steady state and dynamic 
.acceleration levels, in the order of to l o m 5  G's. Additional analyses and 
experiment specifications are  needed to determine an accurate cost for these sensors. 

4.3.2 Microscopy Equipment Costs 

Development Costs: $110,000 

Firs t  Unit Costs: $57,000 

Comments: 1. The reference for the cost estimate of the dissecting microscope 
is the American Optical Company price, including stereo zoom, light source, 
supplementary lenses and accessories. 

2. Modification of existing EDU microscope for interference and fluorescence 
observation require the incorporation of an interference tube, contrast tube, power 
supply, and a light source. Reference for this estimate is Zeiss equipment. 

4.3.3 Photography/'TV Equipment Costs 

Development Costs: $ 15,000 

Firs t  Unit Cost: $55,000 



Comments: These estimates are based on present avagability of high quality 
flight proven equipment. Some development is necessary to eliminate the 
operatsrfs  contact with chemicals during the processing of the film. 

4.3.4 Data Collection and Handling 

No cost since all entries are  in Category 1. 

4.3.5 Specimen Handling ~ q u i ~ m e n t  Costs 

Development Cost: $344,000 

Fi rs t  Unit Cost: $488,000 

Comments: 1. The cryogenic microtone cost estimate includes the microtone, 
cutting accessories, provision for de-icing, quick freeze attachments, and optional 
sterilization cycle, and should be adaptable for use in the EDU Micro-biological/ 
Direct Observation Module (MDOM). 

2. The freeze-dry equipment cost estimate is based on a substantial development 
program for adaptation of the process to zero G environment. 

3. Estimates for the cost of the cell counter equipment a r e  based on information 
from Particulate Data, Inc. 

4.3.6 Radioactive Material Storage Costs 

Development Cost: $ 50,000 

Firs t  Unit Cost: $50,000 

Comment: Cost of the system is based on providing basic storage and handling for 
radio-isotopic use by the experimenters. Specific experiment information will be 
needed to provide a refined cost estimate. 

4.3.7 Chemical Analysis Equipment Costs 

Development Cost: $530,000 

First Unit Cost: $700,000 

Comments: I. E s t h a t e s  for Electrophoresis consider power supply, i n d i ~ d u a l  
separation units, densitormeter/reeorde~t~ and provision for  Wmuno-electro-phoresi sS  
Referenee: Millipore Piloroslide System. 



2. Estimates for Manometry consider general purpose precision transducers, 
Reference: Statham Instruments 

3. The requiren~ents for Polarography a re  interpreted to imply additional electro- 
chemical electrodes such as  ion-selective electrodes. Reference: Orion 
Scientific, Inc. 

4. Requirements for Radiation detection include the addition of Alpha and Beta ~ 

sensors together with appropriate output interfaces to complement the exfsting 
gamma detector. Reference: Hewlett Packard Co. 

5. T h e  operation of st-andard osmometry instruments involve gravity-dependent 
sample introduction--therefore, R&D will be needed to make the process independent 
of gravity. The cost estimate considers the possible use of refractometry a s  a 
substitute method. 

Note: Measurement items No. 8, 9, and 10 do not require costing and therefore are  not 
included in Section 4.3. 

4.4 INTERFACES AND SYSTEM IMPACT 

No additions to the EDU data management capability are  required based on the identified 
measurement and equipment modifications and additions (using the ground rule of no 
duplication of equipment based on timeline requirements), and no other primary effects 
on the system were encountered. 

Interface specifications will be required to be placed on experiment-unique equipment 
that is to utilize the EDU as  a basic facility. The specifications wi l l  insure that the 
electrical signal characteristics, biology sample physical characteristics, and radiative 
properties. (e. g. , heat radiation, electromagnetic radiation, etc. ) of the added o r  
modified equipment is compatible with the present concept of the EDU design. Thus, the 
interfaces wi l l  be attainable with the present EDU configuration, and the system impact 
on the EDU is restricted to the changes as described in Section 4.2 and Table 4-1 of this 
report. One example of the need for placing interfact; requirements on the experimenter's 
experiment-unique equipment is shown in Table 4-1, Items 8 and 9, Measurements 
Requiring Instrumentation of Specific Organisms. It is noted that sensors and electrodes 
specific to the individual experiments will be the responsibility of the experimenter and 
are to be furnished a; part of the experiment "suitcase. " 



5,0 CONCLUSIONS 

'The resulbts of this andysis indicate that -- witb the addition of equiipment and PrnodSica- 
tion of some of the EDU equipment -- it will be feasible aad p r a c ~ c d  to use the EDU a s  
the central facility for research in the Life Sciences, A preliminary estimate of the 
total cost of these changes is $1.3 M for development and $1.53M for the first  units. 
This estimate does not include specialized experiment-unique equipment, since it is 
assumed that these will be part of the particular experiment package (or experimenter's 
wsuitcase'l), 

Environmental conditions monitoring and chemical analysis will require the addition of a 
gas chromatograph. This can be a modified off-the-shelf model, which will be comple- 
mentary to the present EDU spectrophotometer. 

The present microscopes in the EDU require minor modifications and the addition of a 
dissecting microscope, The present photopaphy and TV capabilities in the EDU require 
the addition of polaroid photography and cine photography (variable time-lapse), 

The EDU data collection and handling capabilities a r e  amply adequate to satisfy the 
requirements of each of the "Blue Bookf1 functional program elements. The specimen 
handling capabilities of the EDU a r e  adequate, but require additional items such as a 
surgical kit for dissection, and a micromanipulating device. 
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